We aimed to investigate whether combined reverse total shoulder arthroplasty (
Introduction
In 1987, Grammont et al. introduced the reverse total shoulder arthroplasty (RTSA) to treat rotator cuff tear arthropathy. 1 Since then, the indications for performing RTSA has been increasing. 2 RTSA is a valuable surgical option for the treatment of cuff tear arthropathy and shoulder pseudoparalysis resulting from a massive cuff tear, severe fractures, prosthetic revision, and tumor surgery. 3 RTSA increases the efficiency of the deltoid as a forward elevator and abductor by increasing its tension and lever arm with a distalized and medialized center of rotation coupled with a semi-constrained articulation. 4 Furthermore, the humerus is lowered relative to the acromion, restoring and even increasing deltoid tension. 5 Repair of subscapularis tendon is of vital importance in total shoulder arthroplasty; however, its utilization in RTSA has recently been questioned. 6 Leaving the subscapularis tendon intact after RTSA has garnered much attention as a potential risk factor for complications, particularly dislocation, especially with the deltopectoral approach. 7 Some authors advocate subscapularis tenotomy and reattachment, 8, 9 where others could not find any correlation between reattachment and range of motion (RoM), pain scores and stability. [10] [11] [12] A biomechanical study conducted by Hansen et al. supported that not repairing the subscapularis requires significantly less force to be generated by the deltoid and the posterior rotator cuff throughout arm abduction. 13 Giles et al. confirmed these findings in another cadaver study, while they hypothesized that rotator cuff repair, especially in conjunction with glenosphere lateralization, produced an antagonistic effect that increased deltoid and joint loading, which is the force placed across the RTSA articulation. 14 On the contrary, Chalmers et al reported increased risk of dislocation in males with subscapularis deficiency after RTSA, 15 while Edwards et al. found that all postoperative dislocations were seen in the patients with irreparable subscapularis at the time of RTSA surgery. 8 Recently, a number of clinical studies compared the outcome of combined RTSA and subscapularis repair with that of RTSA alone, [16] [17] [18] while no relative review of the literature has been conducted yet.
Our aim was to investigate whether a combined RTSA and subscapularis repair will lead to improved clinical and functional outcomes in comparison with RTSA without subscapularis repair. We hypothesized that subscapularis repair will not provide with any additional clinical or functional benefit patients who are treated with RTSA.
Materials and Methods
Two reviewers (MM, DG) independently conducted a systematic search according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) using the MEDLINE/PubMed database and the Cochrane Database of Systematic Reviews. 19 These databases were queried with the terms "reverse" AND "shoulder" AND "arthroplasty" AND "with" AND "subscapularis" AND "repair". To maximize the search, backward chaining of reference lists from retrieved papers was also undertaken. A preliminary assessment of only the titles and abstracts of the search results was initially performed. The second stage involved a careful review of the fulltext publications.
Inclusion criteria were clinical studies investigating the clinical and functional outcomes of subscapularis repair for patients treated with RTSA. The clinical trials included should have contained at least a 6month follow-up evaluation, with at least one clinical and/or functional subjective score reported, while all of the studiesincluded must have been written in English as full-text manuscript. Furthermore, they should have been published until March 25, 2018 (end of our search).
Exclusion criteria were studies not specifically focusing on the therapeutic value of subscapularis repair in patients treated with RTSA, non-comparative trials, studies dealing with preoperative subscapularis insufficiency, preclinical, cadaveric or animal studies, abstracts, literature reviews, case reports, technical notes, editorial comments, expert opinions, studies with less than 6 months follow-up, studies without any clinical outcomes, and articles not written in English.
Differences between reviewers were discussed until agreement was achieved. In case of disagreement, the senior author of this review (EA) was responsible for the final decision. They independently extracted data from each study and assessed variable reporting of outcome data. Descriptive statistics were calculated for each study and parameters analyzed. The methodological quality of each study and the different types of detected bias were assessed independently by each reviewer with the use of modified Coleman methodology score. Selective reporting bias like publication bias were not included in the assessment. The primary outcome measure was the postoperative statistically significant improvement of the clinical, functional and radiographic scores in comparison with the preoperative scores per study. Secondary outcome was the complications' and reoperation's rate per study.
Results
From the 72 initial studies we finally chose and assessed five clinical studies which were eligible to our inclusion-exclusion criteria. 6, 7, [16] [17] [18] A summary flowchart of our literature search according to PRISMA guidelines can be found in Figure 1 .
All eligible studies (100%) were retrospective case-control studies level III. 6, 7, [16] [17] [18] As a result, none from these studies (0%) was randomized or blinded. These articles were published between 2012 and 2018 ( Table 1 ).
Demographics
The follow-up evaluation ranged between six and 91 months, while the overall mean follow-up was 29.2 months. Three studies (60%) had a minimum follow-up of 24 months, 6, 17, 18 whereas one study (20%) had a 12-month follow-up and another one (20%) six months (Table 2) . 7, 16 The eligible studies included 1087 patients in total. Demographic data were available in all five (100%) studies regarding age 6, 7, [16] [17] [18] and in four studies (80%) as for sex. 6, 7, [16] [17] [18] The majority of the patients included in this review were relatively old, with a mean age of 71.4 years. There was not any statistically significant difference in age between the subscapularis repair and non-repair groups at any of the studies. Females outweighed males in four out of the five studies (80%) Table 1 . Year of publication, type of study and level of evidence.
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Authors [ref]
Year Type of study Level
De Boer et al. 16 2016 Retrospective case control III Clark et al. 7 2012 Retrospective case control III Werner et al. 17 2018 Retrospective case control III Vourazeris et al. 6 2016 Retrospective case control III Friedman et al. 18 2016 Retrospective case control III in which data were available (532 females: 353 males) ( Table 2) . 7, [16] [17] [18] 
Indication for surgery
The main indication for RTSA varied widely amongst studies, while the most common reasons for surgery were rotator cuff arthropathy, osteoarthritis with irreparable rotator cuff tear, and inflammatory arthritis. Four studies (80%) noted that patients who underwent RTSA due to humeral head fracture were excluded from their statistical analysis. 6, [16] [17] [18] The decision to repair the subscapularis tendon or not was intra-operatively taken in all five studies (100%) of this review. 6, 7, [16] [17] [18] It was based on the surgeon's preference and subscapularis tendon's macroscopic condition.
RoM and functional outcome
Clinical and functional subjective scores were utilized in all studies of this review (100%). 6, 7, [16] [17] [18] The Constant-Murlay Shoulder Score, 6, 16, 18 and the American Shoulder and Elbow Score (ASES) 6, 17, 18 were the most commonly used subjective outcome variables. They were both used in three (60%) studies. The Shoulder Pain and Disability Index (SPADI), University of California at Los Angeles (UCLA) Score and the Simple Shoulder Test (SST) were reported in the same two (40%) articles. 6, 18 Finally, the Visual Analogue Scale (VAS) 7 and the Oxford Shoulder Score (OSS) 16 were deployed in one (20%) study. The Range of Motion (RoM) was measured in four out of the five studies (80%) of this review, 6, 7, [16] [17] [18] whereas muscle strength was documented in two trials (40%) ( Table  3 ). 6, 16 
Significant postoperative improvement in comparison with the preoperative values
Two studies of this review (40%) compared the mean preoperative and postoperative scores. 7, 18 Regardless of the use of subscapularis repair or not, both studies depicted that there was a significant improvement of all clinical and functional outcome variables at the last follow-up (Table 3) . 7, 18 
Comparison between the subscapularis repair group and the non-repair group
Regarding the subjective clinical/functional scores as well as RoM of four out of the five studies of this review (80%), the differences between the two groups were found insignificant. 6, 7, 16, 17 On the other hand, one study (20%) reported that the subscapularis repair group illustrated significantly higher improvement of Constant score, SST and active internal and external rotation, when compared with the nonrepair group. 18 The subscapularis non-repair group had significantly higher active abduction and passive external rotation in comparison with the repair group (Tables 3 and  4 ). 18
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Mean values of RoM and functional outcome variables
Overall, the mean values of the postoperative Constant score of the repair group and the non-repair group were 72.7 and 17 ASES Repair-Group: 37,9 ASES Improvement Repair-Group: 35, 8 Subscapularis repair and lateralized ASES No Repair-Group: 36, 6 ASES Improvement No Repair-Group: 38 glenosphere in isolation had no effect on ASES, but in combination ASES was significantly less improved Vourazeris et al. 6 N/A SPADI Repair-Group: 23,4
Review
70.5, respectively, while the mean postoperative ASES was 79.3 and 78.7, respectively, the mean SST was 9.8 and 9.4, respectively, and the mean UCLA was 29.2 and 29.3, respectively. The mean postoperative forward flexion in our review was 124° as for the repair group and 118° concerning the non-repair group, while the mean postoperative active abduction was 108° and 116°, respectively, and the mean active external rotation was 29° and 31°, respectively. Three out of the four studies where RoM was reported were found without any significant differences amongst groups (Table 4) . 6, 7, 16 
Postoperative internal rotation with or without subscapularis repair
Three studies (60%) investigated the difference in internal rotation between the two groups. 6, 16, 18 Postoperative internal rotation, as it was documented in the study of Friedman et al., illustrated significantly higher improvement in the repair group. 18 On the other hand, Vourazeris et al. found similar postoperative internal rotation amongst groups (L2 level), 6 while there were not any significant differences in the study which was conducted by De Boer et al. 16 
Postoperative external rotation with or without subscapularis repair
Three studies (40%) investigated the difference in external rotation between the two groups. 6, 16, 18 Vourazeris et al. depicted that there were not any significant differences amongst groups as for the both the passive and the active postoperative external rotation. 6 In addition, De Boer et al. documented no significant differences amongst groups. 16 On the contrary, Friedman et al. reported a significantly superior passive external rotation of the non-repair group in comparison with the repair group. 18 However, the same study illustrated that the active postoperative external rotation was similar in both groups. 18
The role of lateralized glenosphere in relation to subscapularis repair
Only one study investigated the effect of the lateralized glenosphere in relation to subscapularis repair after RTSA. 16 Werner et al. divided the subscapularis repair and non-repair groups into two subgroups depending on the use of a lateralized gleno-sphere or not. 17 According to them, there was not any significant difference in mean postoperative ASES score of the two groups (repair and non-repair group) when a standard glenosphere was used. 17 On the contrary, when subscapularis repair was combined with a lateralized glenosphere, the mean postoperative ASES score was significantly lower in comparison with all other three subgroups (subscapularis repair without lateralized sphere, non-repair with lateralized sphere, non-repair without lateralized sphere). 17
Postoperative integrity of subscapularis repair
The integrity of subscapularis repair was checked only in one study (20%). De Boer et al examined the integrity of subscapularis repair using ultrasonography (U/S) at a mean follow-up point of 30 months. 16 They reported that the repair was still sufficient in 40% of the treated patients. 16 No significant difference between the subscapularis repair and nonrepair groups was found in relation to the mean postoperative subjective clinical/functional scores and RoM as well as the subgroup of the patients where the subscapularis repair was intact (40% of their patients) (Tables 4 and 5). 16 Review Table 5 . Complications, potential risk of bias, and modified Coleman methodology score per study.
Authors [ref]
Complications Type of Bias Coleman Score (0-100/100) De Boer et al. 16 N/A Selection, Performance, 57 Detection, Attrition Clark et al. 7 No significant difference between Groups. Selection, Performance,
Complications' rate
Data regarding complications were collected in 80% of the studies included in this review. All these studies concluded that the repair of subscapularis tendon did not affect the complications' rate of patients treated with RTSA. 6, 7, [16] [17] [18] As for the repair group, the mean complications' rate was found 10.4%, whereas the respective rate of the non-repair group was 10.2% ( Table 5 ).
The mean dislocations' rate of the repair group and the non-repair group were 1.5% and 2.3%, respectively. Vourazeris et al. and Friedman et al. reported no cases of dislocation when subscapularis was repaired, 6, 18 while Werner et al. 17 documented two dislocations in the repair group and no dislocations in the non-repair group ( Table 5 ).
Quality of studies, possible risk of bias, and relative conflicts of interest
The "quality assessment" of the studies for methodological deficiencies, as a common alternative to "risk of bias" was examined by the modified Coleman methodology Score. 20, 21 The total mean modified Coleman methodology test was 55/100, whereas the modified Coleman methodology score ranged amongst studies between 47/100 and 60/100 ( Table 5) .
All studies (100%) which were included in this review were found with a high risk of possible selection, performance, detection and attrition bias (Table 5) . 6, 7, [16] [17] [18] 
Discussion
To the best of our knowledge, this was the first systematic review to investigate the necessity (or not) of subscapularis repair for patients treated with RTSA. The most important finding of this review was that subscapularis tenotomy and repair was not proven superior than leaving the subscapularis tendon intact in patients who were treated with RTSA. All studies of this review concluded that the mean postoperative clinical and functional scores as well as the complications' rates did not illustrate any significant differences between the subscapularis repair and the non-repair groups. While both groups showed significant improvement in all mean final postoperative clinical and functional scores as well as RoM in comparison to the mean preoperative values, it seemed that subscapularis tenotomy and repair did not offer any additional clinical or functional benefit. Therefore, we do not further support its use on routine basis for patients treated with RTSA.
Another interest finding was that the mean dislocations' rate was not differed between the two groups in any of the studies which were included in this review. This variable is of paramount importance for patients treated with RTSA and subscapularis repair, since it has been suggested that repairing the subscapularis will decrease the rate of postoperative dislocations. 8, 22 Nevertheless, this theory was not confirmed by our results. Therefore, we support that subscapularis tenotomy and repair of a preoperatively sufficient tendon does not decrease the dislocations' rate after RTSA.
A relative point of controversy has been the differences in rotational movements. It would be expected that subscapularis repair would result in improved internal rotation and in a possible external rotation deficit. [23] [24] [25] However, only one study supported that the internal rotation was improved after subscapularis tenotomy and repair. 18 This study was also the only one to show that the passive external rotation was superior in the non-repair group. 18 Although these differences in external and internal rotation were found significant, Friedman et al concluded that they were so small that they were not of any clinical relevance. 18 On the other hand, two other studies depicted that there were no differences in both internal and external rotations amongst groups. 6, 16 As a result, it was deduced from this review that subscapularis repair did not change internal or external rotation after RTSA in a clinically significant level. However, the limited available data were not enough to lead to definitive conclusions, while further studies are required to investigate the effect of subscapularis tenotomy and repair in relation to the postoperative internal and external rotation of these patients.
Regarding the complications' rate, no differences were found amongst groups. Particularly, there was not any significant difference in relation to the most commonly reported types of complications after RTSA, like nerve injuries, postoperative hematomas, periprosthetic infections, intraoperative fractures, scapular notching and acromial/scapular spine fractures. 26 Although there is no consensus, subscapularis repair has been suggested to improve the stability of RTSA in patients who are being treated with the traditional medialized prosthesis. [27] [28] [29] [30] [31] [32] However, for those patients who are preoperatively found with extension lag sign and significant external rotation deficit, a lateralized prosthesis -with or without latissimus dorsi transfer-would be more appropriate than a medialized implant. [33] [34] [35] [36] [37] [38] [39] [40] In regard to our analysis, it was interesting that all studies included dealt with a new generation's lateralized prosthesis. Therefore, it should be notified that the reported insignificant differences in the outcomes of the two groups were particularly correlated with the lateralized type, so that they cannot be generalized to other types of RTSA, such as those using medial glenosphere-medial humeral implants (Grammont-Style). 6 Regarding postoperative integrity of subscapularis repair, the only study which investigated this variable showed that only 40% of the patients had an intact repair. 16 Furthermore, there were not any differences between the outcomes of patients (60%) who had an ultrasonographic structural failure of the repair and those who remained with a successful repair. 16 Despite the limited available evidence, it seemed that subscapularis repair failed in an unacceptably high percentage of patients to be long-lasting, while it offered no additional clinical benefit in those who had a postoperative intact repair.
The main strength of the study conducted by Vourazeris et al. 6 was that it compared the results of a single prosthesis design in patients who were treated with primary RTSA by a single surgeon. On the contrary, the integrity of the subscapularis repair was not evaluated in the study of Vourazeris et al. 6 In addition, De Boer et al. reported that almost half (48.8%) of their patients were lost during the follow-up. 16 Though, the study of Clark et al. noted that operations were carried out by three different surgeons, whereas there was a lack of shoulder subjective scores and the follow-up was small. 7 As for the study of Werner et al., seven different surgeons performed the RTSA, while RoM was not documented as well as any information about the rehabilitation protocol. 17 Finally, the surgical technique and the physician's experience might varied a lot in the study of Friedman et al., since this was a multi-centre study. 18 On the other hand, this was the biggest study amongst all comparative trials that were including in this review. 18 Overall, there was an absolute lack of randomized or non-randomized prospective controlled clinical trials in this review. The mean quality of the studies which were included in this review was moderate. The mean value of the modified Coleman methodology score was not high, while a number of possible bias might have deteriorated the results in all studies.
Conclusions
Although subscapularis repair was proven safe and effective for the augmentation of RTSA, it did not offer any additional clinical or functional benefit in the outcome of patients treated with lateralized RTSA. Therefore, it is not supported its routine use for patients who have a preoperatively sufficient subscapularis tendon.
